Sixty-five foot diameter DGB parachute planetary entry parachute program  Design report by Moroney, R. D. et al.
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ABSTFUCT 
The des ign  presented descr ibes  a 65-foot nominal diameter Disk-Gap- 
Band parachute t e s t e d  as a candidate  i n  t h e  Planetary mtry Parachute 
Program. This  r e p o r t  inc ludes  des ign  requirements, es t imates  of maximum 
expected loads  on t h e  parachute,  parachute configurat ion,  stress ana lys i s ,  
moment o f  i n e r t i a ,  and component s t r u c t u r a l  t es t  data .  
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1 .O INTRODUCTIOI- 
- The design presented herein describes completely a 65-fOOt nominal 
diameter Disc-Gap-Band parachute to be tes ted  as a candidate i n  the 
planetary Entry Parachute Program. 
estimates of maximum expected loads on the  parachute, parachute configuration, 
stress analys is ,  moment of inert ia ,  and component structural test data. 
This report includes design requirements, 
- .  
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2 . 0 DESIGN SPECIFICATIO~ 
2.1 
shape i n  accordance with LRC drawing LA-151, 822. 
The parachute La a disc-gap-band type w i t h  a constructed geometric 
The nominal surface a rea  of the  parachut# (S ) is  equal t o  the sum of 
0 
t h e  sur face  areas of the  d i sc ,  gap, and band. 
The parachute is designed i n  such a manner that  S 5s as l a rge  as poss ib le  
0 
within t h e  l i m i t s  of these specif icat ions.  The minimum S is 3315 feet', 
0 
The d i s c  is a regular  polygon with an even number of s ides .  me maximUm 
length of each s i d e  is  3 fee t .  
area of t h e  vent is equal t o  0.5 percent of So. 
including t h e  vent area, is  53.0 percent of So. 
There is a vent  i n  t h e  cen te r  of t h e  d i s c  and t h e  
The sur face  area of t he  d i sc ,  
The band is a r i g h t  cylinder circumscribing t h e  d isc .  The sur face  area 
of t he  band is 35 percent of So, 
me area of the  gap is 12.0 percent of Sa- 
The number of suspension l i nes  is  equal to the number of s ides  on t h e  - 
i 
d i sc .  The length of each suspension is 1.128 (So)* 
2.2 The riser, br id le ,  and deployment bag are i n  accordance with LRC drawing 
~ ~ - 1 5 1 ,  821. 
2.3 The weight of t h e  canopy and suspension l i n e s  is less than 80 pounds, The 
maximum weight of t h e  parachute system, as supplied by t h e  parachute suppl ie r ,  
is -86 pounds, 
2.4 
deployment conditions without s t ruc tu ra l  f a i lu re :  
The parachute is designed to  be capable of withstanding t h e  following- 
(a) 
(b) 
(c) 
600 pounds load suspended on parachute 
Mach number 1.6 a t  a dynamic pressure  of 12 pounds/square foot.  
Mortar e j ec t ion  veloci ty  of 130 feet/seconQ. 
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2.5 
dacron. 
dacron material .  
A l l  s t r u c t u r a l  f a b r i c  material chosen for t h e  parachute system is 
A l l  l i n e s ,  tapes,  webbing, and threads are of a hi- tenaci ty  tne 
2.6 * The complete parachute system is capable of withstanding 125’ C for 
91 hours while  packed and i s  designed t o  be able t o  withstand deployment 
! and opening loads without s t ruc tu ra l  f a i l u r e .  
2.7 
the vent  t o  t h e  bottom of the  band. 
The canopy is whi te  with a blue s t r i p e  on t h e  in s ide  of t he  canopy from 
Width of t h e  s t r i p e  i s  6 inches,  taper ing 
toward t h e  vent. 
suspension l i n e  and mid-gore location. The substance used t o  stripe t h e  canopy 
w i l l  no t  s t r u c t u r a l l y  degrade or impair  t h e  f l e x i b i l i t y  of t h e  canopy materLa1. 
On t h e  skirt there are 3-inch by 12-inch s t r i p e s  a t  each 
2.8 The parachute system (excluding deployment bag) is  shown i n  Figure 1. 
. .  
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3.0 DESIGN MTA -
. (6s FT Do DGB) 
Nominal D i a m e t e r  (D 
Geometric Poros i ty  <w) 
0 
! Tota l  Area ($1 
D i s c  A r e a  t.53 So) 
D i s c  Diameter 
Disc Circumference 
Gap Area (-12 So) 
Gap Width 
Band A r e a  (-35 So) 
Band Width 
Vent A r e a  (.005 Sol 
Vent Diameter 
No. of suspension l i n e 8  
Length of suspension l i n e s  
- .  
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65 f t .  
12.5 percent 
3318.30 ft’ 
1758.70 ft’ 
47.65 f t .  
152.84 f t .  
398.20 ft’ 
2.605 f t .  
1161.41 ft’ 
7.599 f t .  
17.592 ft’ 
4.732 f t .  
72 
65 f t /  
-5- 
u 
! 
4.0 - GORE UYOW - AND PARACHmB CONFIGURATIOl4 
Based on a geometric porosity of 12.5 percent, the gore layout is 
calculate+ as follows: 
. I  
I 
8 = 360 = So 
72 
-
= 3318.30 x 144 in3 = 6636.60 in' 
72 
S1 = 0.53 So = 3517.40 
S2 = 0.12 So = 796.39 Id 
3517*40 0.04366 = 283.9 in. 
'1 = '3 E 283.9 = 24.78 in. 3s17-4 
?I2 = '2 = 796.39 = 32.14 in. 
24.78 
- 
w1 
= 93.73 in. 
'3 2 = 2322.81 
w1 24.78 
b 
33*18 
0.04366 = 27.57 in. 
2 x 8v 
P = 2.41 in. n ?? 
V 
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To allow stress relief a t  vent, add 10 percent f u l l n e s s  a t  vent 
l/*= lv - = 2.68 in. 0.9 
I 
I i I 
- i  
New apex angle el 
I 
I - 
New construction height of d L s c  
I 
I 
Height = 12.39 = 12.39 = 2a7.47 in. 
Tan 0.0431 
With t h i s  gore layout, the constructed shape as well a s  the  expected r 
inf la ted  shape is  as shown in Figure 2. 
I 
I 
- .  
I 
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The parachute deployment bag is e jec ted  rearward by means of a mortar and may, 
therefore ,  be t r ea t ed  i n  the classical manner as presented in reference 1. 
Thus from equation 4-26 
E 
! Where: 2 = 72 
P' - 550 l b s  
E' = 20 x 
L* = 65 f t  
and w i t h  the  design conditions defined ar 
M = 1.6 8 q = 12 psf, Vo = 1665 f p s  
which for the  worst case can be assumed constant throughout the period of 
deployment. 
Next the  ve loc i ty  of t h e  deployment bag mass may be determined by 
considering the  f oilowing: 
For a cyl inder  of '/a = 2.5 with blunt  end forward, CD = 
(reference 2) and s ince the  bag diameter = 1 f t . ,  CD S = 0.67 f t '  
Also the  t i m e  from mortar e ject ion t o  1.ine s t r e t c h  may be computed assuming a 
mortar e jec t ion  ve loc i ty ,  V e x  130 f p s  and 
= 0.582 t = L* + Lr 
ve - .  
hence defining i n i t i a l  parachute ve loc i ty  a8 
Fbp = vo - ve or  
OP = V 1535 fpu 
Thus ve loc i ty  of t h e  deployment bag system a t  l i n e  stretch i r  
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and the velocity of the bag and canopy relative to the payload is . 
1 .  
Vr = AV = 1665 - 1525 2 140 fps 
and the snatch force is P = 8900 lbs. 
. I  
I 
1 
I 
1 
I 
1 
4 .  
. - .  . .  
. .  
. 
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6 - 0  OPENING - FORCE 
The r e s u l t s  of an earlier experiment with a 30-foot diameter DGB at 
e s s e n t i a l l y  the  same design conditions (q41 .4  psf ,  Mz1.56) showed a 
maximum opening fo rce  of approximately 4000 lbs.  Further,  the opening 
process w a s  of t h e  so-called i n f i n i t e  mass type. 
I 
. 
. Calculat ing a shock- f a c t o r  for this case 
\ 
Fo 4000 
Ps.8. 4200 
x =: - =  - L 0.94 
which is considerably below what would normally be e*ected f o r  t h i s  type  canopy. 
( reference 1 and 3). 
However, s ince  t h e  process is an e s s e n t i a l l y  i n f i n i t e  mass type, calcula- 
t i o n s  using f i n i t e  mass approachs y i e ld  extraneous resu l t s .  
Therefore, it w a s  decided t o  simply s c a l e  t h e  expected maximum f o r c e  on 
the basis of area r a t i o s  from t h e  smaller canopy to this: 
a 
65 Po = Po)so, x Do= 
Po = 18,800 lb8 
In t e re s t ing ly ,  Pioneer Parachute Company computed t h e  expected' opening shock by 
means of a computer with the  f i l l i n g  t i m e  a s  a parameter. The r e s u l t s  yielded 
18,522 lb .  assuming tf = 0.4 secs and 16,980 lbs. assusing tf = 0.5 sec. 
v a r i a t i o n  in f i l l i n g  t i m e  comes fros extending the C S 
The 
vs. t i m e  p l o t  from the D o  
e 
30-ft  test da ta  t o  reach CDSo maximum f o r  t h e  65-ft  canopy. 
steep t h a t  an accurate  value can not  be a t ta ined .  
have been chosen. . 
This s lope  is so 
Therefore, two reasonable s lopes  
* .  
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i” 
Because of the close agreement of the computer results to our 
‘calculations, it is felt that the ma;imurn force expected is predicted 
with a high degree of confidence. 
I 
. 1. 
1 
. .  
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7.0 PARACXUTE SIZING 
. . .  . 
As previously shown, the maximum expected fo rce  was  computed as a 
funct ion of t h e  area r a t i o  of a given s i z e  canopy relative t o  t h e  30-ft DGB. 
This allows a rough computation of weight versus  diameter to  be made by us ing  
the graphs, Figures 3 - 10. 
! 
With t h e  r e s t r i c t i o n s  of a maximum allowable weight and minimum S = 3315 ft., 
0 
an i t e r a t i o n  process was made t o  provide a canopy which s a t i s f i e d  these ' requi re -  
ment8. - 
For t h e  i n i t i a l l y  determined configurat ion which w a s  D = 65 ft . ,  80 gores 
0 
with 550 lb. suspension l i n e s ,  yields  an estimated weight of 70.2 lbs.  (ThLs 
did  not include seam allowance.) 
Conversations with Pioneer indicated t h a t  a four  group arrangement of 
suspension l i n e s  w i t h  20 per r i s e r  w a s  not p rac t i ca l  from a f ab r i ca t ion  stand- 
point  and t h a t  a s i x  group arrangement w a s  more reasonable. 
with the  f a c t  t h a t  the suspension l i n e  mater ia l  tests out  a t  approximately 600 
This poin t  toge ther  
lbs. ,  u l t ima te  s t rength  l ed  t o  t h e  reduction i n  number of suspension l i n e s  from 
80 to 72. 
Using t h e  revised design D = 65 f t . ,  2 = 72, and an exact gore layout 
0 
Pioneer gave a weight estimate of w = 72.73 l b s .  excluding thread (CJ1.5 lbs) 
and risers. 
Gore layout is based on 41.5 wide material (1.5 oz/yd2) i n  t h e  d i s c  and 45 
inch w i d e  1.0 oz/yd2 mater ia l  i n  t h e  band with 10% fu l lnes s  i n  vent area taper ing  
t o  zero a t  s k i r t  of disc.  
. .  
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Weight Estimate 
.. 
7 Item Qty (yds) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
- .  
i 
f 
Disc J 235.41 
140.43 Batid , 
Cross seam reinforcement 143.5 
I 
Gap reinforcement - 101.65 
Vent reinforcement 4.96 
Radial tapes 832.86 
Radial gap reinforcement 94.02 
Skirt reinforcement 50.82 
Suspension lines 1583.52 
G.T. Schjeldahl Co. - Design Report 
Total 
Units Wt. 
1.5 oz/yda 
1.'0 ozlyd . 
0.158 oz/yd' 
0.2535 oz/yd 
0.2535 oz/yd 
0.2535 oz/yd 
0.1580 oz/yd 
0.2535 oz/yd 
74.25 yd/l.b 
Total Wt. (lbs) 
22.28 
9.28 
2.27 
1.67 
0.79 
13.55 
0.79 
0.81 
21.33 
Excluding Thread 8r Riser 72.73 lbs. 
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8.0 STRESS AMLYSIS -
. .  
8.1 Suspension l i n e s  (580 lb .  m i n i m s m  strength) 
8.2 
8.3 
' 0  = 18,800 = 261 lb, 
z 72 -
Using a design factor  of 2.13 for suspension l i n e s ,  
580 
2-13 P a l l  = = 272 lb. 
' P a l l  -- 1.0 
Pdev 
Margin of Safety (M.S.) = 
M.S. = + 4% 
Radial tapes (570 lbs .  minimum strength) 
' 0  = 18,800 =: 261 lb. 
z - 72 -
Design factor = 1.95 
Pall  = - = 293 lbs. 570 1-95 
2 93 
261 M-S. = -- 1 = 1-12 - 1 = -12 . 
S k i r t ,  Gap, or Disc Band (Single  570 lb .  tape) 
G.T. Schjeldahl Co. - Design kport  
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Looking at the cross-section at the s k h t  
By geometrpt 
l o  e = 475 
. .  
I 
I 
* .  
I 
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I = 2.1227. 
c - 1.8913. 
Assuming the pmjected 
diameter is 2/3 De, the gore 
bulge radius at the s k i r t  is 
found from ratio, 
1 - = 1.12235 
C 
20 = 9so 
22 . 6956 r =  c 
2 s ine  2 x 0.737 
r b sz 15.4 in. 
Then: 
*sB - - 'h - 1 t 87 1 
2 cost T 0.707 
'a 61.5 lb. 
* .  
-24- 
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Pult  = 46 lb/in minimum based 011 t e n s i l e  tests of the 1.50 a dacron $d 
fabr ic  used in the d i s c .  
pall - -  46 - 26.22 lb/ in 
1.75 
Pdev = 19.2 lb/in 
26.25 
19-2  
M.S. =- - 1.0 = 0.37 
M.S. = + 37% 
Accounting f o r  the gore A g e  raL,Js, a more rea,-st-c load can be 
calculated as  shown i n  Appendix A. 
Pdev = AP C = AP rb = 0.96 lb/ia 
2ain6 
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0.S Main Seam 
8. H O C  
Worst case is when F 
I 
is absorbed by t h e  d i s c  area por t ion  of canopy, 
0 
then Discfboad = 18,800 
. ;  5 Disc 
I 
&z 
(assuming t h i n  s h e l l  with n s  bulge) = 38C7 lb/in. 'disc 
46 lb/in 21.2 2.17 
M.S. = + 10.4% 
b. Band 
= = 18.7 lb/in 34 lblin 3.16 
Developed load i n  band: 
The most severe case  in t h e  band is if the t o t a l  f o r c e  F 0 is absorbed 
by complete canopy uniformly. Thus, 
--- 
18s800 lb x 260 i n  = 10.3 lb / in  
477,792 in' Pdev = 
. .  M.S. = + 3.09% 
8.6 Cross Seam --
a. Dirc A r e a  
With t h e  s a m e  assumptions as used f o r  t h e  main seam analys is .  
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‘‘ lb’Ln = 14.6 lb f in  3.16 Pa l ld i sc  
Pdev = Pdev r ad ia l ly  x s i n  a = 19.2 x -707 = 13.57’lb/1n. 
- 1.0 = 0.075 = + 7.5% = 14.6 -H.S. 
13 -57 
Pdev LZt\l; P a l l  = 10.7 l b  
Pdev = 10.30 x ,707 = 7.28 l b  Radially- to /,i , L- 
b. Band Area --
A I  
43 
10.7 M.S. = - - 1.0 = 1.47 - 1.0 
7.28 I 
M.S. = +472 
8.7 Vent Band --
From t h e  geometry of t h e  vent, t h e  tens ion  i n  t h e  vent tape  can be deter- 
I 
mined I’ 
360 0 
22 e = -= 2 s  
V 
Taking i n t o  consideration t h e  fact t h a t  t h e  constructed length of t h e  
vent band is longer than the  circumference of t h e  vent band based on t h e  
vent  r a d i a l  t apes ,  t he  vent band loading w i l l  be determined. 
The ven t  band length  between r a d i a l  tapes 5s 1.797 inches, while the 
chord length  based on vent r a d i a l s  is 1.656 inches. 
1.797 - 
1.656 . .  From t h e  r a t i o  -- 1..085 the included angle  between rad ia1 . tapea  
and t h e  bulge rad ius  is found t o  be 80°, 
.--_ 
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I 
By Geometry: 
r = 52-'1/2O . 
Ps .L 1 = - X - - '  2 Cos 52 1/2O 
261 1 Pv.b. = -  x- 
2 . 0.608 
mob. = 215 lbs. 
The ven t  band c o n s i s t s  of t h r e e  570 Ibs. tapes, 
P u l t  = 3 X 570 = 1710 lbs. 
f a l l  = 1710 - 878 1bS- 
1-95 
Pdev = 215 lb8. 
M.S. = 215 878.- 1.0 = 3.08 = +3082 
This assumes ven t  band c a r r i e s  100% of t h e  opening load. 
8.8 Vent Radial Tap- --- 
Assuming t h e  vent  r a d i a l s  carry 100% of the load at t h e  i n s t a n t  of opening, 
Pdev = 261 lbs 
Pult = 570 13s 
P a l l  = 570'= 2,5 
2 -0 ba Where fd = 2.0 is  used as a f l u t t e r  f a c t o r  
. .  
. .  
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261 M.S. = -- 1.0 = 1.09 - 1.0 
M.S. + % 
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-8.9 Riser to load cell junct ior  
- - ._- .
Allowable load F = 18,800 lbs . 0 
Assuming 6 ply MIL-W-25361 Type VI11 webbing wi th  a n  ultimate' 
s t r eng th  of 7000 lb/ply. [ na&d, Q c t u a  1 13 7 7e.4 1 
7000 = 19,811 l b  2.12 P a l l  = 
xgso = - 1.0 = 0.054 19s811 18,800 
8.10 Lower R i s e r  Br id le  Aes'~ ---
The b r i d l e  is designed such t h a t  any one l eg  is capable of withstanding 
2/3 of t h e  t o t a l  opening shock load. 
The b r i d l e  legs  am fabricated from two layers  of 10,000 lb. r a t e d  
nylon wsbbing, MIL-W-4088, type XIX.' The actual minimum t e n s i l e  s t r eng th  
of t h i s  mater€_al is 11,500 pounds. 
Using a design f a c t o r  of 1.91 (eliminating hea t  loss e f f i c i ency)  the 
margin of s a f e t y  f o r  t h e  br idle  legs tsr 
P u l t  = 2 x 11,500 = 23,000 l b s  
* x 18,800 = 12,523 lbs Pdev - 2 3 0  = 3  
P a l l  = - *'lt = -- 23000 = 12,042 1b8 f d  1.91 
1 2  042 M.S. = - 1.0 P 12,532 
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Although t h e  Margin of Safety is  negative, based on the  assumption 
‘that each b r i d l e  l e g  must  withstand two--thirds of the total opening shock 
i 
i 
:I i 
’. 
;il 
‘I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
9 
i 
load, t h e  s t r u c t u r a l  i n t e g r i t y  of the b r i d l e  is not i n  jeopardy, s i n c e  t h e  
design f a c t o r  includes a 1.5 sa fe ty  f ac to r .  The negative Margin of Safe ty  
i n d i c a t i s  . ihat  t h e  actual safety factor is s l i g h t l y  less. than 1.5. 
I 
! 
! The loca t ions  of the calculated Margins of Safety are shown i n  Figure 11, 
Table I shows t h e  design factors ,  and t h e i r  determination, as used i n  t h e  
Margin of Safe ty  ca lcu la t ions ,  
. .  
. .  
. .  
. .  , 
. .  
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9.6 CENTER OF GRAVITY -
9.1 Packed Parachute 
* <  
The cen te r  of grav i ty  locat ion of t h e  packed parachute i s  assumed to 
be a t  t h e  cen te r  of t h e  d e p l a p e n t  bag, 
9.2 Parachute i n  "strung-out'* condition a0 Y)+r . 
Y *, bw 
00- c ( r D   m u -I! 
t 
I 
. Because the parachute materials are homogenous, t h e  cen te r  of gravity of 
each component is assumed t o  be a t  its center.  
c 
With t h e  measured weights from Table 11, t h e  c e n t e r  of gravity i 8  
ca lcu la ted  as: 
+ 
+ 101.93 (30.5) + 108.08 (46) # 34.075 
2 . (216) 
P = 38.92 ft. 
. .  
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Item -
D i s c  
Band 
Radial Taper 
LXne8 
Main Riser 
. .  
.I 
Brldls 
Deployment Bag 
TABLB XI --
MEASURED WEIGHT ma- -
I 
' 4  
. .  
. .  
. .  . 
Weight <OZ)  
267 
401 
216 
372 
46 
31 
-35- 
Q -m* 
e-- 
M = 25 l b  
-- r = 21.66 
Ig - 11,750 lb-ft2 
8 
9 
Radial Taper 
For thin rod bent into circular arc I 
. -  
, . '  . .  
. .  
M 12.9 lb, r - 21.66 ft 
9- 
Lg = 3026 Ib-fP , 
~ 
% !  , .  
1 
4 
3 .  
I < .  
. .  
' .  
- .  10.1.4 Suspension Liar. . - .  
nlz.ia2 
3 u -  
rc- 
. I  
. _  
l4 9 23.2) lb 
- 1 = 65 f t  
a( - 19.f de8 
c 
2 
si*2a - 0.11 
65 
3 Is 0.11 x - x 65 x 23.25 - 3560 l b - f t  rrh 
10.1.5 Included A i r  Wa8s 
Assuming a hemispherical canopy, the moment of i n e r t i a  of  
the included a i r  mass Is: 
c- 
. r  
j - -  
u-2& 
5 L -. I 2' 
Since the  weight of the included a i r  mass is a function of -. . 
a l t i t u d e ,  the m e a t  of i n e r t i a  of the included air mass w i l l  
F 
1 vary with al t i tude.  i ~ 
H. - y w -  *c. . 
, 
i Where P - Canopy volunu 
. r  - *  
I fo - Sea l eve l  densi ty  I - .  
u= Density r a t i o  - P 
* .  
c- Ha - lV6 e l b  
. 1. 
18 - 299,312 e l b - f t 2  ... i .. - AT 130,000 f t .  8 l t i t u d e  = 1033 lb- f t2  
. .  
. . %  
. .  
.\ 
AT Sea frtt.1 Ig - 299,SU lb-fg i 
r -  
10.1.6 Total  Roll  Howrnt of Inertia 
I r- . The roll  moment of inertia of t he  riser and b r id l e  are conaidered 
negl ig ib le  and have not been included in the  t o t a l  r o l l  moment. 
- -  ' 2  
I8 = 20236 + 299,512 e l b - f t  i 
. t o t a l  - 
1. 
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10.2 Pitch and Yaw Moments of Inertia-lnflated 
10.2.1 Center of gravity-Inflated canopx 
4 
C 
a = c,g. of d i s c  
b - c.g, of bad 
c - c.g, of lines 
d = cog. of riser 
e = cog,  of bridle  
L 
X C.go O f  8P-r 
g - cog. of r.dLa1 lap.. . 
7 
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I . .' 
.A . . \  , 
__ -* - -  - - - ,. , - .  - .  ".. 
r-' 
. .. 
h o a ~  f l ight photos, the fnflatad diameter i r  approxhatelyz D 
3 0  .. 
L e ;  ., * .  
D - '  +- 2 r r - l )  
2 
3 2 - O l j  I- 
. %  I .. 
r s 21.66' 
h =.r(1 - sine) 
--L 
\ .  
h 
8=L-.-, 10.2 x 57.3 = 27.d.gree. 
r 21-66 - 
sine 0.454 
c-- 
4 h 
h 
c Then ; 
c- 
-- 
1. 
* 21.66 (1 - 0,454) 
= 11.80 ft 
c.g of disc, a - - .I 5.90 ft.  h 
.2 
4- c 
b - 17.8 ft . 
C o g  of lirres, c = r + 1' 
2 .  
. ._ - .  . c - 21.66 + 30.45 : 
- 5 .  - - 152.11 ft 
c.g of riser, d - r + 1' +E 
2 
d 85.37 ft 
6 67 c.g of b r i d l e  e - 80.87 +A 2 
e - 92.21 ft 
.~ 
. .  . .  . .  
- .  
3 
8 
cog of included air maim, f = r - - r 
f = 1S.S it 
c.g of radial taper, g 
g t 7.86 f i  ' - 
cog o f  system, X,.  = 
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' .  
B- 
. .  
c- 
k. 
Where Xi - Weight of th component 
. .. . -  
X i  - cog. of tb component . -, 
. .  
Sfnce the -8s O f  thr included 8ir i8 8 function O f  81titUde, the C.8. of 
f - .  the system w i l l  change w i t h  8ltfMe. - Lh 
I "  
(1332.5 + Ha) 5 - (5.90)(267) + (17.8)(401) + <52.11)(372) + (85.37)(30.5) 
+ (92.21)(46) + (7.86)(216) + (1305)(b) 
Where Uf i r  given in ounce. 
X i  i r  given in  feet 
Ma - m s a  of included air - 
X - 36,641.22s + 13.5 Ua 
1332.5 + Ha 
Evaluated a t  130,000 ft .  a l t i tude ,  I4 - 88 ot 
8 
. .  
t .  - 2201.04 lb-ft2 - 
1c.g system 1 + m [i; - a12 - (r - a)2] 
'c.g system = 2201.04 + 16.7 [ (20.73)2 - (15.16)'] 
r .  
'c.g system - 5233.04 lb-f$t: 
. .  
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10.2.3 Moaaent.& Lnertfa - Bad 
- -  
c 
c 
10.2.4 
. .- c-- 
7 
. .  . .  
2 
I 6000 + 25(26.63 - 17.08) '8 ,  y s tern 
2 = 7950 lb-ft 
'goy8 tea C 
I 
Moment of inertta - h d h l  Taper 
36 Semi-clrcular 
L - -  
radial tapes 
I - 36 (mr2/2) 
.x . 
= 3167 lb-ft? f 
F 
10.2.5 Mmuent of inertia-suspension liner 
. .  . -. - . - .  
d = 70.50 - -  
7 
stnu= 0.94264 
r 7  fg - 7255 lb-ft? 
1 i .  .. . 
.- 
* ,  
' .* 
, 
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, .  . :
. .  . .  
e-- 
* . .  - .  
. .  - : ,
- .  
., . * _ .  
P. 
ra 
-. . 
, 
--_ 
. .  "~ . 
. .  
. -. - .  . - i  
, . . .  c . ,  
... ' 
: * - . .  . - -  
t 
c.g 
rys tern 
1 7255 + 23.25 (52.11 - 26.6 
c .I 
ays tern 
= 22380 lb-frr 
. 
I 
-8 ' 
8ptm 
10.2.6 
,- 
Moment of inertia - Rher . 
_I_- .. 
d 
Q = 5.04 lb-ftZ 
-. 
riser --IF8 
i I - 5-04 + 1.905 (d - 
~I I '  = -8 
ryatea . - . - 5.04 + 1,905 (85.37 - 26.63)' 
= 6580.04 lb-ft2 
10-2.7 Moment of inertia - Bridle  
.- .-  . kg* -: I g - L m L s f n d  2 2  . l2 a = 70' r -  s l n q =  0.94 . .- . . a  ~ 
Ig = 2-87/12 (6.67)2 (0.885) 
xg = 9.45 1b-ft2 . 
I - 9.45 +2.87 (82.21 - 26.63)2 
C.8 
8YS-a * 
I =: i2369.u ib-ftP 
cog ;" . . 4 >  . I -  
,. - . rptw 
, & - .  . I .  
I .  - . .. 
. -  
. I  
1 .  . 
. .  , 
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L- 
10.2.8 Moment of inertia - Included Air Mare. 
Is = -26 mr2 ' .- 
* *' 
Ig = -26 x 3 . 9  
I g =  719 lb-ft 2 '  
1 
I . - 719 + 5.9 fn - f)* 
* 
. .  C-S r p t c a  ._ r 
.I 719 +'.5.9 (26.63;- 13-52)' 
'I 1733 lb-fP 1 -  
c -8 - 
2 .  
system . 
10.2.9 Total  pitch and yaw moment of inertb 
2 
11.0 FABRIC&TIO;rl AND PACKIloo -
The f ab r i ca t ion  of t h e  parachute system is completely described by 
G.T. Schjeldahl Company Drawings 1004659, 1004668, and 1004836, 
me: packing of t he  parachute i s  described i n  d e t a i l  by G. T. Schjeldahl 
I 
Company Spec i f ica t ion  P-444 (see Appendix A). 
! 
I n  o rde r  to  a s su re  t h a t  the packed parachute would f i t  i n t o  t h e  mortar 
when removed from t he  shipping container ,  t h e  parachute w a s  packed i n  the 
deployment bag wi th in  a cy l indr ica l  shipping container  which w a s  11.5 inches 
i n  diameter. 
t h e  outs ide  of t h e  deployment bag, between the  bag and t h e  shipping container  
Also, a dummy riser w a s  placed i n  t h e  riser p ro tec to r  f l a p s  on 
t o  assure  t h a t  t h e  maximum dimension of t h e  packed parachute system m u l d  not 
exceed 11.5 inches diameter. 
Af t e r  s t e r i l i z a t i o n ,  t h e  parachute w a s  t ransfer red  from the shipping 
container t o  t h e  mortar w i t h  no problem. 
Figures  12 t h r u  14 show the parachute during t h e  packing operation. 
Figure 12 shows t h e  parachute s t rung out  and folded, Figure 13 shows the  
suspension l i n e s  as folded for packing, and Figure 14 shows the d i s c  port ion 
of t h e  canopy packed i n  t h e  bag. 
1. 
.. 
)4 
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Figure 12 Parachute Folded -45- 
I 
4 
r 
k 
! Figure 13 Suspension Lines  Folded -46- 
I 
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I '  1. Lay t h e  parachute on the  packing table i n  t h e  s t r e t c h e  out condition. Chcck t he  pernchute t o  a s su re  t h a t  t h e  * d i s c  has not inverted through one of thr  gap openings. -. . '  ! - 1  
2. Attach a t i e  cord €roc? tile parechute vent l i n e s  t 6  t h  
pac!<ing table. Working fron t h e  riser end, put t h e  
parachute under codernte tension ( i%bu t  20:) m d  secu 
t h e  riser t o  the pacliiag table. 
Check a l l  suspcnsion l i c e s  t o  assure t h a t  they are no 
knotted, twisted , or tangled.. 
Place a l l  canopy mater ia l  on one side of suspension 
l ines .  Then change t o  opposite s i d e ,  oze gore at a 
t ine i n  such a way t h a t  t h e  material  is  laid neat and 
f la t .  
A E t e r  each gore has been Lnspected and l a fd  ou t ,  the 
gores are t o  be divided so t ha t  gores 1 t o  
one side, and gores 37-72 are on t h e  other side. 
Inspect each gore t ape  t o  D S S U ~ C  t h a t  a l l  a re  l a i d  wi 
t h e  sane s i d e  up, an3 t h a t  no t w i p t s  aze inser ted  i n  , 
tapes i n  t h  band irnd gap areas. 
Because of the bulkiness  of the canopy i n  the vent art 
the gore edges a t  the vent cannot be folded the same 
as t h e  nairi par t  of t h t  gore. A t  t h e  vent, every othj 
gore Ls folded i n  on both side8 of t h e  stack, as 
3. 
4. 
I 5. 
36 are on 
6. 
. .  
7. 
. 
i l l u s t r a t e d  in Figure  1. . *- 
. e - ;  * 
8 .  . .  
\ -  . *  
- *  
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. .  
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FIGURE 1 
- I  . 
1 .  
8. After the  fo ld ing  of t h e  gore mater ia l  is conp'lete, 
place weights on the canopy t o  w i n t e i n  the  f o l d s ,  am 
suspension l i n e s  when the tab le  t i e  cards o r e  removed 
from the vent  l i n e s  and riser. 
Rmove weights f r o n  the  riser and fold the suspension 
l i n e s  (8s a s ingle  u n i t )  fn to  ten-inch accordtan fo ld  
loops, holding the ends of the loops i n  p lace  with 
rubbet bands. Tnese rubber barids a r e  to be removed 
..'. when t h e  parachute i s  placed i n  the deployacnt bag. 
10. Two'long strips D f  10 n i l  nylar are to be used as a 
fo ld ins  j i g  t o  cake the lengthwise canopy folds .  On11 
, .two f o l d s  a r e  Fade lenzthwise and these  are oge each 
f iue-inc?.es out from t h e  center-line of the cmopy,. 
One edge of the  gore stcck is folded up  and la id  mer 
the tc? OF the or ig inal  stack. 
fo ldad  d m h  and under thz originfil stack. As a result 
thz. suspensioh l i n e s  go- To t,hz cen ter  of th+ folded 
- weight tk upper riser t o  maintain tension i n  the 
. *  
9. 
. .  . .  , . t  
The other edge is 
. pttachute (See Figure 2 ) -  
, .  , *  * * . 3 - 1  . .  -. . * f . '  . 
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FIGURE 2 
11. The canopy Ls now ready for insertion into the de- t 
ployolsnt bag. The loose ly  folded canopy w i l l  extend 
beyond the length of the deployaent bag. Therefore, 
a 10 n i l  nylar liner i s  t o  be inserted i n  the deploy- 
cent hag which is  approxinately 12 inches -longer the1 
the bag.Tie ca~apl ;  apex to loop 5x1 b D t t o 3  of deploy.tr,eI 
baz with 100 lb .  dacton cord. 
The can01 
is then accordian f o l d e d  i n t o  the bag i n  such a way t l  
the  bag is  completely f i l l e d .  
-. 
12. The canopy vent i s  placed i n  the bag first.  
Care nust be taken t o  
ussure that  folds are  neat ,  and long enoua  to  f i l l  a '  
avai lable  space (See Figure 3). 
. .  , . .  
. -  . .  
. .  . .  .... 
1 .  .. FIGURE 3 - .  
13.. v i t h  the par'oehute part ia l ly-  jac!&d i n  the.'dcploytient. I
bag, -place-IdcployaeEf b a s  i n  the s h f p p i s g  container. 
. .  ... .. .-.C' .. . . . .  --.. . -  - .  .' ' . & .  - .. . . . .  .~ . . . . .  .2.... : .  :- - - - .  
-cI 
;EV 
B 
. .  
. A  
. _  _ . .  . .  14. i n s e r t  a 1-3h w i d e  X- 3/4 thick cl->t2 w,. ,:fJiJ&; *ir.side the: 
. protector f l a p 3  to simulate the stowed riser. 
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15. Cmtinue  packing the  parachute into the  deployuent 
u n t i l  t he  bag ts completely f i l l e d .  -?.is siimlc! c 
a l l  n Z  d i s c  ?x-! : 3  i -If ea:, 'py. 
Place shipping container  with deployuent b a s  i n s i d e  
under t h e  press and slowly press parachute i n t o  the  
bzg. 
tiriue packing r e m i n d e r  of parachute. .:, s s  1.z f a r  i - t o  3 
bas as TJ.SSL: - I~ .  a:.d !et s:z .*I 
16. 
! 
h'hen mre space is o3tained by th i s  nethod, con: 
2: -ii:*z*es fJ.o.?C : :prf-ss!l; c . 
1 17. Fold t h e  suspension l ines  into thc bag i n  occordian 
i fashion. Several  l ayers  of l i nc  w i l l  be r ccu i r cd ,  and each iayer s h a l l  bc folded perpendicular t o  t h e  ., 
preceding l aye r  t o  prevent the p o s s i b i l i t y  of lZne + 
entanglement . I 18. The e n t i r e  upper r iser is then folded i n t i i  the deploy oent bag. A f t e r  pressure packitig,  a portion of t h i s  riser w i l l  be outs ide the  t a g  when it is f i n a l l y  t i e d  off. - 19. Using t h e  packing press, sloigly press parachute i n t o  
. 
20. i the beg u n t i l  i t  i s  bclow the bag mouth. Mylar l i n e r  a t  t h i s  t ine.  The d e p l o p e n t  bag should now be fastened to t h e  pres t o  keep the bag f r m  being pressed into t he  shipping 
container  . 
air. After  t he  parachute is pressed conplctely into 1 e be gradual t o  allow s e t t l i n g  and escape of entrapped 
bag, t h e  system s h a l l  be allawed t o  set for about 8 hd. 
Bag Closure-String a 1000 pound l i n e  through the bag t c 
loops. Pull t h e  upper r i s e r  out of t h e  deployment 
bag u n t i l  the k!:ife is al igned with the  bflg loops. 
bag mouth is then pulled closrd using the  1000 pound 
R e m o v e  
I 21. The f i n a l  pressing of the  parachute i n t o  the bag shnl  
1 - .  22. 
Th,f 
line.(The packing press  nay be reauired t o  a s s i t  i n  
c los ing  operation). L'hec t hc  bog mouth is pulled I 
closed,  t i e  off the  1030 pound l i n e .  Now s t r i n g  a 3C 
pound dacroii l i n e  thraugh t h e  bng t i e  I m p s .  atid thrash 
the kn i fe  on the  upper r i s e r .  Pull t i gh t  'and tie '3fl. 
Place a 'W>IO\T BZFOP! FLIC!IT" Tag on the  1030 pound l i n e  
Ol 
1 
. -- 
--a 
CHANCED 
I 
i 
I 
I 
APPENDIX B 
SIMPLIFIED CLOTH STRESS ANALYSIS 
. . ‘ I  
The e 
f O l l ~ t  . 
i 
0th s t r e s a ,  based on t he  gore bulge radius  
Fro& t h e  gore p r o f i l e  (Figure 2B) w e  obtain: 
. i .  
2 n  ‘ 1  = sg- a 
is 
Where 1 = c lo th  length between suspension l i n e s  Figure 1B 
Canopy P r o f i l e  
From Figure 1.0, 
2 n  c = Xg 7 = chord length between suspension . - 
1 ines  , in f la ted  canopy 
Then: 
h , B  
From the  ratio- of ’ 28 is determined from Table 1 . B  C’ Figure 2B Gore Proftle 
From c and s ine ,  the bulge rad ius  r is determined. b 
Table I I B  is a tabulat ion of the simplified c lo th  stress ana lys is  for 
the 65 f t  S G - B  with 10 percent fu l lnes s  at  the  vent. 
.L 
Figurz I I I B  shows t h e  e f f ec t  of fu l lnes s  an the  c l o t h  stress f o r  a 
t r i a n g u l a r  gore. 
The r a t io  f /f is a r a t i o  of the  stress at Sg t o  t h e  minimum stress, . 
. .  lref 
which occurs when 20 is 180 degrees, €.e., the  gore bulge is a semi-citclt. 
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, I  ; 
1 :  
.. ..... 
9 .  . -  e .  . .  
Length of Arc, Iielght of Scgrcent, Length of Chord 
and Area of Scgncnt for Angles from I to 180 dezrccs, 
and Radius - 1.--For other radii, multiply the values 
of L, H and C i n  the  table by the  given radius, and 
. Area . 
the values for areas, by t h e  square of the  radius. - - .  - _ . .  - .  - .  
- I  
. .  . .  
1 0.01745 0.00004 0.01745 1.00000 0 00000 
3 . 0.05236 0.00034 . 0.05235 1.0001g 0.00001 9 .  
2 .  ..- .- 0.03491 0.00015 0.03490 1.00028' . 0.00000 
4 * .  OeO6931 - 0.00061 0.06980 - 1.00014 0.00003 
0.08727 0,00095 0.08724 
.- 0.10472 0.00137 0.10467 5 6 . .  
0,12217 0.00186 0.12210 - 0.13963 . 0.00243 0.13951 7 -. 8 .  
- 9  0.15708 0.00308 0.15692 
10 0.17453. ' 0.00380 0.17431 
11 0.19199 0.00460 0,19169 
12 0.20944 0.00548 0.20906 
. '  - 0.22689 0.00643 0.22641 
O.OOi45 0.24374 
l4 15 - -  0,261 *244i5 0 0.00 55 0.26105 
16 *: * 0.27925 0.00973 .. 0.27835 
- .0e29671 0.01098 0.29562 
0,31416 0.01231 '0.31287 
17 
18 
' . .  19 *. - ' 0.33161 . 0.01371 0.33010 
20 . . 0.-34907 0.01519 0.34730 
21. : 0.36652 0.01674 0.36447 - * 22 . 0.38397 0.01837 0.38162 
23 . 0.40143 0.02007 0.39873 
24 9 0.41888 0.02185 0.41582 
25 - 0,43633 0.02370 0.43288 
26 0.45379 0.02563 0.44990 
27 0.47124 0.02763 0.46689 
28 0,48869 0.02970 0.48384 
29 0.50615 - 0.03185 0.50076 
- 13 
.. 
. 30 . 0.52360 0.03407 
. 31. .: .. 0.54105 0.03637 - 32.. . 0.55851 0.03874 
* 0.57596 - 0.04118 
4.59341 * 0.04369 
33 
0.61087 0.04628 
3'1 
0.62832 0.04834 
35 
0.64577 0.05168 
36 
0.66323 . 0.05448 
37 . 
- 38 . .: 0.68068 - 0,05736 
0.69813 0.06031 
39 -. 
40 
- 4 1  * 0.71559 0.06333 
42 - . 0.73304 0.06642 
. 0,75049 0,06958 - 43 .4. . - . 0.76795 0.07282 
45 ..... '-0,78540 . .0.07612 -. 
0.51764 
0.56803 
0.58474 
0.60141 
0.63461 
0.65114 
0.66761 
0.68404 
0.70041 
' 1.02386 - 0.03425 81;2$! ' . 1.02501 . 0.03664 
' 0.53448 . 
0.55127 . 
0 . 61803 
0.71674 . 1.02274 0*03195 
0.76537' 1.02617 0.03915 . 4 :- --.* - .  . 
1.00034 0.00006 
1.00047 0.00010 .: 
1.00057 0.00015 
1.00086 . 0.00023 - -  
1.00101 0.00032 
1 , 00126 0.00044 
1.00156 0.00059 
1.00181 0.00076 . 
1.00212. . 0.00097 . 
1 . 0025 0 0,00121 
1.00287 0.00149 
1.00323 0.00181~ 
1.00368 0.00217 
1.00412 0.00257 
1.00457 0.00302 
1.00509, 0 . 00352 
1.00562 0.00408 
1.00674 0.00535 
1.00735 0.00607 *. 
1.00796 0.00686 
1.00864 0.00771 
1.00931 . .  0.00862 
1.01002 0.00961 
1.01076 .0.01067 
1 . 0 115 1 . 0 .'O 11 80 
1 . 0 1229 0.01301 -.._. 
1.01313 0.01429 - 
X.01396 0.01566 
-1.01482 0.01711 
1.01572 - 0.01864 
1.01758 0.02198 . 
1.01856 0.02378 
1.01957 . 0.02568 e 
1.02059 0.02767 
-1.02167 0.02976 
1.00615 0.00468 
1.01664 -. .0.02027 . 
- .  
*. 
I 
1 .  
I' -; 
I -  
I '  
I' 
I 
I 
I'.. 
t 
LenZth of  AFC, S!eight of 'Segment, Length of :Cho=.'d 
and Area of ScGrr.cnt for  Angles from I to  180 degrccs, 
and Rzdius - f.*--For other radll, multiply the  values 
of L, H and C in the table by the aiven radius, and 
t h e  valucs for  areas, by t h e  square of t h e  radius. ;. . .  i . I -  .. 
. Center i Area 
. -  Ancle, * L  H C . wc - of 
Degrees ' Segment 
.i 
46 0.80300. 0.07g50 0,78100 1.02816 0.04176 . 
'17 0.820Oo 0.08290 0.7g700 1.02685- 0.04448 
- 0.05331 - so 0.87300 . O.Oy370 0.84500 1.03313 
51 - 0.89000 0.09740 0.86100 1.03368 0.05649- 
- 40 0.83800 0.08650 0.81300 1.03075 0,04731 . . 
' 49 0.85500. 0.09000 0.82900 1.03136 0.05025 - - 
0.90800 o.ioi20 . 0.877.00 1.03534 0,05978 I 
. .  0 . 9 2 5 0 0 .  0.10510 0.89200 . 1.03699 . 0,06319 
52 - 
53 
54 0.94200 0.10900 . 1.03744 0,'06673 
0 . 96000 
0 97700 
35 
56 
57 - 0.99500 
58 - 1,01200 
59 1,03000 
60 1 , 04700 
. 61 l.06500 
62 1.08200 
63 - 1. 10000 
64 - -  le11700 
65 1.13400 
- 66 1 , 15200 
67 - 1.16900 
68 1 , 18700 
1,20400 
1 22200 
69 
71 1.23900 
72 1,25700 
1.27400 
I 1,29100 
1.30900 75 - 
1,32600 
. 1.34400 
76 
- 77 - 
78 1,36100 
i '70 
-?t 
0 0 11300 
0.11710 
0.12120 
0.12540 
0.12960 
0.13400 
0.13840 
0.14280 
0.14740 
0.15200 
0.1566O I 
0.16130 
0.16610 
0 . 17100 
0.18080 
0 . 18590 
0.19100 
. 0.19610 
0.20140 
0.20660 
0.21200 
0.21740 - 0.22290;' 
0.17590 
. 1.37900 0.22840 
1.41400 0.23960 * 1.29900 
1 . 31200 81 . . 82 1.43100. 0.24530 - a3 . , 1.44900 0.25100 1.32500 
84 1.46600 0.25690 1.33800 
1.39600 0.23400 
0.90800 
0.92300 
0.95400 
0 . 97000 
0.98500 
1.00000 
1 . 01500 
1.03000 
1.011 500 
1.06000 
1.07500. 
1.10400 
1 . 11800 
1.13300 
1.14700 
1 . 16100 
1.17600 
1.lgOOO 
1.20400 
1.21700 
1.23100 
1.24500 
1.25900 
1.27200 
1.28Goo 
0.93900 
1.08900 
1.04008 0.07039 
1.04046 0.07417 - 
1.04297 0.07808 
1.04568 0.08629 
1.04700 0.09059 . 
1.04926 '0.09502 
1.05048 0.09958 - .  
1.05263 0.10428 , 
1.054 8 0.11408 
1.05785 O.l.1919 
1.05887 0.12443 
1.06171' 0.12982. 
1,06266 0.13535 
1.06536 0.14102 
1.06718 . 0.14683 
1.06887 0,15279 
1.07058 . 0.15889 
1.07225 0.16514 
1.07559 0.1715'1 
1.07717 0,17808 
1.07951 * 0.18477 
1.08553 0.20573 
1.03071 0.22045 
-1,09358 0.22804 
1.04329 0.-08212 , 
3.0 053i? 0.10911 
1.08101 0.19160 
1.08411 . 0.13659 
1.08852 00 21301. 
1.09566 0.23578 
1.48300 0.26270 1.35100 * .  1.09770 0.24367 
1.50100 0.26860 1.36400 1.10043 0,25171 
1.51800 0.27460 1.37700 1,10239 - 0.25990. 
1.57100 0.29293 1.41400 l.lllO3 0.28540 . .  
. 6s 
' 86 * -  
- 88 - 1.53600 0.28070 1.38300 1.10583 0.26825 87 
. 36 
89 . . * .  1.55300 -* 0.28670 . 1; 40200 1,10770 0.27677. . . .  
_ .  .- . . -  
I 
I. 
I 
I '  
a 
I 
I 
I' 
I 
I - -  
I' 
t 
a 
- .  
i 
e 
. .  
. .  
k n g t h  Of k c ,  )!eight Of' !%?&mint, Length O f  Chord. 
and Area of Scgncnt for Angles from I to 180 degrccs, 
and Radius = I.--For other r a d i i ,  multiply the values 
of L, H and C I n  thc table by the glven radius ,  and 
the values tor areas, by the square of the radius, - 
Center I 
Decrees! - 
. '91 . 1.58800 
. 9 2 .  1.60600 
93 . 1.62300 
94 .1.64100 
95 1 . 65800 - 1.67500 
1.69300 
96 . . 
97 
98 * * 1.71000 
99 1 . 72600 
100 . 1.74500 
101 - -1.76300 
103 1.79800 
104 1 . 81500 
105 1.83300 
106 1.85000 
107 1.86700 
Anele, I. L -  
102 1.78000 
108 1 i 88500 
109 - 1.90200 
- 110 1.92000 
111 1. 93700 - 112 1.95500 
," 113 1,97200 
'114 - -  1.g~ooo 
115 . 2,00700 
. . . . .  
. . . .  
. " B . .  . .  
116 
117 * 
-. . 118. - 
. 119 . 
. 120 
121 
- 122 
123. - 124 
. 125 
. -326 
127 
128 
129 
-2. 02500 
2.04200 
2 05900 
-2.07700 
2.09400 
2 , 11200 
2.12900 
2.14700 
2 . 16400 
' 2.18200 
2 . 19900 
2 . 2 17.0 0 
2.23400 
2 . 25100 
0.29910 
. 0.30530 
, 0.31160 . 
0.31800 
0.32440 
0.33030 
.O. 33740 
.Om34390 . 
0 35720 
0 37070 
0 37750 
0 . 35060 
0.36390 . 
0.38430 
' 0.39120 
0.39820 
0 . 40520 
0.41220 . 
'0 . 4 1930 
0,42640 
- 0 . 43360 
0.44080 
0.44810 
0.45540 
0 . 46270 
0.47010 
0 . 47750 
0.48500 
0.49250 
0 . 50760 
0.51520 
' 0.52280 
0.53050 
0.53830 
0.54600 
0 55380 
0 . 56160 
O.'i6950" 
~0.50000 . 
.1.69600 
1.70500 
1". 7 14 00 
.1,73200 
1.74900 
1.75800 
1.76600 
'1.77400 
1-7 8200 
1 . 79000 
1.7!1800 
1.80500 
1 72300 
i.74100 
1.19398 
1.19765 
1,20122 
1.20545. 
1.20900 
1.21309 
1.21726 
1.22127 
-1.22536 
1.23400 
1.24249 
1.24709 
1.22398 
-1 023854 
-. 
Are8 
Segment 
1.42600 1.11360 0.29420 
1.43900 l.llG05 0,30320 
l.45lOO 1.11853 0.31230 ' *  
1.46300 1.12166 0.32150 
1.47500 1.12406 0.33090 
1.48600 1.12718 0.34050 . 
1.49800 1.13017 0.35020 . 
1.50900 1.13320 0.36010 
1.52100. 1.13609 . 0.37010 
1.53200 1.13903 0.38030 
1 . 5 4 30 0 1.14257 0.39060 
1.55400 1.14543 0.40100 
1.56500 1.14888 . 0.41170. 
1.57600 1.15164 - 0.42240 
1.58700 .1.15500 0.43330 
1 59700 1.15842 0.44440 
1.60800 - 1.16106 0.45560 
1.61800' 1.16501 0.46690 . 
1 . 62800 1.16830 0.47840 - . 
1.63800 1.17216 0.4go10 
1.64800 1.17536 0.50190 
1.65800 1.17913 0.51380 
1.66800 1.18225 0.52590 . 
1.67700 1.18664 0.53810 
1.68700 1.18968 * .  0.55040 
0.56290 
0.58830 
C . -_ L/C . - . of 
0.57550 . 
0 . 60120 
0.61420 
0.62730 :--  
0.64060 
0.65400 
0.66760' 
0.68120 
0.69500 
0.70900. - _  
0 . 72300 
0.73720 
0.75140 
'0.76580 . 
0.78030 
. 130 2.26900 0.57740 1.81300 . 1.25151 
2.28600 0.58530 1.82000 1.25604 
2.30400 0.59330 1.82700 1.26108 
2.32100 . 0.60130 1.83400 1.26553 0.79500 - 1.27050 - 0.80970 
-: 135 . - 2,35600 0.61730 - -*-I  54800 - . .  --1,27489 -- 0.82450 
131 
132 
133 
i' .. 134 - .  2.33900 0.60930 1.84100 - 
. :  ' . -.. -L . . . . .  ..~ 0- ' - -. . . _ . .  . .  
. :i- :. 
. .  
1 
hil 
.  .- - - t  .- .-. . * *  -- . . .  ... I -  . . .  . -  . .  .*. i .- . -. -- . -  * ---- . -  - . - -L -..--.- 2 ---..r * -.-..,.- c-.. _-. : - 
. .  - -  . 
'-.- Length of Arc, Height of Sogtnent, Length of Chord 
and Radius = f.--For other rad i i ,  multiply the 'yaluea 
of' L, H nn6 C i n  the taSle  by the  glven radius, and 
the  valucs for areas, by the square of the radius.  
and Area of Scgacnt for Angles from I to 180 dezrccs, 
A .  Area 
- wc - .  - of 
. J --. . .  Center: . _ .  
t - H  . C 
.- - Secmen t I Decrees : 
2.39100 0.63350 1.86100 - 1.28479 0.85450 . 136 137 
2.42600 0.64980 1.87300 1.29524 0.88500 
138 
139 
140 2.44300 0.65800 . 1.87900 - 1.30015 0 . 90030 3.4216 
141 2.46100 0.66620 1.88500 . 2.30557 0.91580 
142 2.47800 0.67440 1,89100 1.'31041 0.93130. 
143 
14 4 
2.37400 0.62540 1.85400 1.28047 0.83950 
2.40900 0.64160 1.86700 - 1.29830 0.86970 
2.49600 0.63270 1.89700 1.31576 0.94700 
2.51300 0.6gloo 1 90200 * 1 . 32124 - 0.96270 %7t8 
-145 2.53100 0.63930 I.gO70,O. --1.32721 . 0.97860 3,716 
146 -. 2.54800 0.70760 * 1.91300 1*.33193 Oo.99450 
148 . 2.58300 0.72440 * 1,92200 1.34391 . 1.02660 J-5q99 - 147 2.56600 0.71600 -1.91800 1.33785 1.01050 
2.60000 0.73280 1.92700 1.34924 1.04270 - 
1,05900 149 
151 - . _ .  2,63500 . 0.74960 1.93600 1.36105 1.07530 . - -  
2.67000 0.76660 1.94500 1.37275 1,10820 
152 
2.68803 0,77500 1.94900 1.37916 1.92470 
153 
154 
2,72300 0.79210 1.95GOO - 1.39212 1.15800 155 
2.74000 - 0.80060 - 1.96000- 1.39795- 1.17470 * 
2.75800 0.805120 1.36300 1.40199 
2.77500 0.81780 1.96630 1.41149 1.20830 
158 
2.79200 0.82640, 1.97000 1.41725 1.22520 . 160 
161 2,81000 O2835PQ; 1.97300.. 1.42422- 1.24220 
1 6 7 2 . 8 4 5 0 0  0.85220 1.97800 1.43832 1;27630 
164 
16 5 2.88000 .. 0.86950 1.98300 1.45234 
167 
168 
1.99200 1.48945" 1.39670 169 ' 
1.99400 1.49648- 1.41400- 170 
* 3.01900 0.93900, 1.99600 . 1.51252 1.44880 
171 - 3.03700 - 0.94770 i.gg700 1.52078 1.46620 
3.05400 0.95640 * 1.99800 1.52852 1.48360 
-.- 150 2.61800 0.74120 1.93200 1. 35507 
2.65300. 0.75810 1,94100 - 1.36662 -- 1.09170 c__. - 
. .  1.14130 -, 2.70500 0.78360 1.95300 1.38504 . 
i56 
- 159 
1.19150 -- 157 ------- 
162 2-.82700 034260 1.97500 1.43139-- 1.25920 
2.86200 0.86080 1.98000 1.44545 - 1.29330 
1.31050 - 
. 166 2.89700 0 . 87810 1.98500 . 1.45944 1,32770 - 
2.91500 . 0.88680 1.98700 . 1.56703 1.34990 1 
2.93200 * 0.89550 1.98900 *1-47410 1.36210 
2.95000 0.90420- 
2.96700 0.91280 
1.ggioo 1.48166 1.37940 
171. 2.98400 0.92150 
* 172 3;OO2OO 0.93020 1.995OO 1.50476 - 1.43140- 
 
176 . 3.07200 0.96510 1.99900 * 1.53676 * l.5OlOO . . 175 
177 e - .  3,08900 0.97380 l.gggOO . 1.54527 1.51850 
178 3.10700 0.98250 2.00000 f. o55350 1.53590 . . 
. -179 . 3.12400 0.99130 2.00000 1.56200 1.55330 
2.00000 1,57100 . 1.57080. - .  - - la0  . : - -3,14200 1.00000 -- . - - 
.I . . - : . 7p-v ' _-*a ---I --^ - - ~ ,  .*- 
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APPENDIX C 
COMPONENT STRU-L TEST REPORTS 
I 
I 
I 
I 
13 
I 
it 
c The j o i n t  e f f i c i e n c i e s  used i n  t h e  Margin of Safe ty  ca~cu~a t ion8  are 
based on t he  average j o i n t  s t rength  determined from component tests pre- 
sented here in. 
The Margin of Safety ca lcu la t ion  used i n  t h e - S t r e s s  Analysis sectson 
I 
I 
- i  
of t h i s  report  are based on minimum material s t rengths  and a des ign  f a c t o r  
derived from a s a f e t y  f a c t o r  based on average test r e su l t s .  
, This approach was taken to s i m p l i f y M c a l c u l a t i o n s  somewhat. If one 
were t o  use actual minimum test values f o r  material as well as j o i n t s ,  t h e  
number of threads per inch, as w e l l  as t h e  s t r eng th  of t h e  thread in each 
j o i n t ,  would have t o  be taken i n t o  consideration 'in the material  s t rength .  
Unless t h e  thread is considered, it is possible t o  ca l cu la t e  j o i n t  ef- 
f i c i e n c i e s  of 1.0 or g r e a t e r  depending on the p a r t i c u l a r  sample tes ted.  
"he test values presented here i n  confirm t h e  j o i n t  e f f i c i e n c i e s  a9 
being no worse than those used i n  t h e  design f a c t o r  ca lcu la t ions .  
. .  
. .  
7 ITLE : SUSPENSION LINE To RADIAL TAPE l&oP 
P U R P O S E :  DETERXINJ3 ULTIMTE STRENGTH OF JOIN" -- 
TINIUS OISEN TESTING i*ACIZINE, 2400 lb.  SCALE, 12 IN,%IN M E T H O D :  
LOAD RATE, SAPE As FEDERAL SPECIFICAT103 CCC-T-1910, M3THOD 41C2. 
T E S T  
N 0. _.___ 
.. ._ ... 
- -  . I - . -  
DIRECT1 ON 
- OF 
LOA]) 
3/4 W, %%) 1%. DACRON TAPE 
3/4 W, 550 lb. DACXQV TAPE -_ - _  
l b . ,  
. .. - C-1 
b 
0 
. .  
.. 
T ITLE : TAPE, RADIAL, WITH REIN-CING ~ = ~ B E R  
. .  - _  
P U R P O S E :  DETERKINE ULTIYATE mrxmx STRENGTH OF RADIAL mm m 
14 E T H 0 0: TINIUS OLSEN TESTING I'ACHINE, 12 INmI.1 LOAD RATE, MID 
3 INCH SPLIT DBUIS 
R E S U L T S :  ? E S T  1 8 R E A K I I4 G 
572 
56 8 
1 
2 
572 
AVG 57 0 
FAILURE bJ ZONE 
I - -  
DIRECTTON . .  
R d  R OF. 
. . .  
i 
t 
I 
. , -  
15 - 3/4 W, 300 lb. DACRON TAPE .... ;,;.,i 
I !.*I . *  -- c-2 
e - .  - -  
P P  - - - -  . . _ _  ~~ ~ 
2 - IIACBW FABRIC 
12 - 3/4 W, -550 lb. DAmON TAPE 
13 - 3/4 W, 550 lb. DACRON TAPE 
i 
CIRCUrGEREt?TI;1L TAPE TO 1.0 oz/yd2 DACRON FABRIC 
. .  
* . -  . _  
P u R. P 0 s E : DETERI~INE'ULTIN+TE WAD THAT HAY BE APPLZED TO DACRON 
FABRIC AT TPX CIRCUi4FERENTIAL TAPE JUlXXION 
-- i - 
I 
i 
J . -  - 4  
- I  
-* ' 
. *  
a *  
* M E T H 00: THE SAHPLES WERE TESTED ON A SCOTT TEXSILE TESTING MACHINE 
I WITH A JAW SEPARATION OF 4 IXCIiES , AND A JAW- SEPARATION 
I '  - 
SPEED OF 12 INCIJES-PER MINUTE. SAMPLE CONSTRUCTION 
IS SHOW1 BEIllW 
? 
I 
1 
I 
. _- 
i 
2 T I TLE : CIRC~P~FERENTUL TAPE TO 1.5 oz/yd DACROd FABRIC 
s 
" E ' DETEIGiINE ULTIMATE UAD THAT KAY BE APPLIED TO DACRON 
FABRIC AT TXE CIRCUXFEREfiTIAL TAPE JUNCTIO~I. 
E T ' T i  SAXPLES Ii?iXE TESTED ON A SCOTT TEIrISILE TESTING MACHINE 
WITH A JAW SEPARATION OF 4 
SPEED OF 12 INCHES PER :iINUTE. SB4PLE CONSTRUCTION 
IS SHOWN BELOW. 
INCHES, fi?D A JAW SEPARATION 
R E S U  L T S :  
. .  
B R E A K I N G 
S T R E N G T H ' L B S. - 
67.5 
62.5 
60.5 
66.0 
AVG. 64.1 
1.5 oz/yd2 DACRON 
- / .  
DACRON 'IF" THREAD 
VTr285 
e .  
w \-  . . 
I 
DIRECTIOS ' 
OF 
IAAD 
0 
314 W DACRON 
TAPE, 550 lbo 
c-4 
. .- --,? - - .  * . . .  . ' *  .. ...- . .  .* . : .- ' .  . ;.... . 
* : 
' <  3 . ,_ i
. -  " * E ' . DETERNINE ULTIMATE STRENGTH OF MAIN SEAM TN BAM). 
! 
JAW SPEED OF 12 i n h i n . ,  JAW SEPAMTION OF 4 INCHES. 
CONSTRUCTION IS SHOWN BEIIIW.' . 
. .  
R E S U L T S :  
- 1  
2 
3 
4 
24 
28.5 
20.5 
25 
AVG. .24,5 . .  
I 
n 
1 , 0 oz/ydL DACRON FABRIC 
- .  
i 
I . 
s '. 
. --1 
. -  i . .  . .  .. . . .  ... . . . _  
. -  I . -  
l 
2 DIRECTION OF ' 6 '. 
IDAD 
3 /4  w DACRON 
TAPE, .Xi0 lbo  
. .  
DACRON "Pn 
THREAD, VT-285 
b 
1. . 
. .  . * .  
. .  
. .  
. -  . .  
, ' .  .. C-5 
1 0 . 
/I . -  I 
! 'I. I ... 
I 
. .  
. .  . . 
bl 
- 
. T ITLE : CROSS SEAM - aAND 
P U P 0 S E : DETERXIiTE ULTIMAn STREiJGTH OF CRCSS SEAM I N  BAND, -- . 
1 
fq E T H 0 0 : SmPLES WERE TESTED ON A SCOTT TENSIIE TESTING MACHIh'E, 
JAW SPEED OF 12 IN/ElIN.,  JAW SEPARATION OF 4 INCHES, 
SAHPLE CONSTRUCTION IS SHOWI SETBW 
B R E A K I N G  
S T R E X G T H  LBS. 
R E S U L T S :  T E S T  
- -- * r d  0 .  -
1 38 
2 36.5 
3 43 
4 37 
5 46 - 
L AVG. 40.1 
1.0 oz/yd2 DACRON FABRIC 
. -  ----------- 
DIRECTION 
--- 
Thread, VT-28s 
--- 
.. . 
C-6 . .  
I- 
*I. 
I 
1 . - - . _  
I .. . .: . 
. .  
-. ' 
- .  
. .  
p U R p 0 S E : . DETEMINE ULTDUTE STRENGTH OF NAIN SEA? IN DISC 
- 
. .  . 
. .  
M E T H 0 0 : SLLVLES WERE TESTED ON A SCOTT T~MSILE TESTIHG'MACHINE, 
JAW SPEED OF 12 IN/MIN.,  JAIJ SEPARATION OF 4 INCHES. SAMPLE 
CONSTRUCTION I S  SHOWN BE- 
R E S U L T S :  ' T E S T  B R  E A K I  NS 
S T R E N G T H  LBS. -M 0 .  -
. 1  . 36.5 
2 50.5 
3 45.0 
AVG. 44.0 
0 .  
A - 
. .  . 
. .  
_ -  1.5 oz/yd2 DACXON FABRIC 
c . .  . .  
. -  .. - . . .  
. -  
.. - -  
. .  . .  . ( '  . 
. .  
. .  - . - .  
. .  
- .  . -  
.. .  
. .  
.I, . .  4- 
314 W DACRON 
TAPE, $56 lb. ' 
DACRON "pn 
TIIREAD, VT-285 
c 
. 
DIRECTION 
OF 
WAD 
.: 
u E ' DETERMINE ULTWTE S W N G T H  OF CROSS SEAM IN PISC. 
0 
*. 
. .  .. . 
! 
JAW SPEED OF 12 IN/MIN.,  JAW SEPARATION OF 4 INCHES. 
CONSTRUCTION IS SHOWN %UDU 
.. 
8 R E A K I  f\!G *. R E S U L T S :  T E S T  
1 
2 
3 
39 
42 
-48 - .  
AVG. 43 lbj in .  - .  
. .- 
. - . . ~ .. . 
/ .  1.5 oz/yd2 DACRON FABRIC. 
-.. . . ! 
i 
i 
6. 
- .  . '  
. DIRECTION 
OF 
. -  
3 /4  W DACRON 
TAPE, 550 lb.. 
- . -. .. 
k7 DACRON "F" . 
THREAD, VT-281 - .  
. .. I -4- .. * .. 
. .  
